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As part of a major clinical trial, sequential biopsies
were taken from the margins of venous leg ulcers
during their healing The changing patterns of tissue
architecture and extracellular matrix synthesis dur-
ing healing were documented histologically and im-
munocytochemically. Initial biopsies were similar in
appearance: prominentfibrin cuffs, variable inflam-
mation, hemosiderin, and red blood cell extravasa-
tion. So called 'fibrin cuffs" were highly organized
structures composed of laminin, fibronectin, tenas-
cin, and collagen as well as trapped leukocytes and
fibrin. Fibronectin was absent from the ulcer tissue
although collagen was abundant Major histologic
changes were observed after 2 weeks' pressure ban-
dage therapy; hemosiderin, acute inflammation, and
granulation tissue with the deposition offibronectin
had all increased and epithelial migration had com-
menced, Complete epithelialization was frequent by
thefourth week of treatment, but the basement mem-
brane was incomplete. At this time, hemosiderin and
red blood cell extravasation had decreased and 'fi-
brin cuffs" were virtually absent although chronic
inflammation remained. The complex organization
of the so-called 'fibrin cuffs" may inhibit angiogen-
esis (but offer protection against increased venous
pressure) in addition to theirpreviously ascribed role
in causing tissue ischemia (AmJPathol 1992, 141:
1085-1095)

Ulceration of the lower leg affects about 1% of the pop-
ulation, causing considerable morbidity.1 Several authors
have investigated aspects of the etiology and pathophys-
iology of chronic venous ulceration that remain controver-

sial.2 There have been several reports relating to the
clinical treatment of venous ulcer patients5 8; however,
there are few published studies documenting the histo-
pathologic and immunocytochemical features of chronic
venous ulcers. This is surprising, because such investi-
gations may reveal new clues concerning the pathogen-
esis of chronic venous ulcers and suggest novel treat-
ment regimens. The normal progression of healing involv-
ing inflammation, granulation tissue formation and
remodeling are disrupted in chronic wounds such as ve-
nous ulcers and follow a more complex seesaw healing
pattern.

As part of a major clinical trial of biosynthetic growth-
hormone-assisted wound healing, sequential biopsies
were taken from the margins of chronic venous ulcers at
the commencement of, and during, treatment. The aim of
the current study is to document the initial appearance
and subsequent changes in patterns of architecture and
extracellular matrix synthesis during healing in the com-
bined placebo- and growth-hormone-treated groups.

Materials and Methods

Biopsies were taken under local anesthesia from the mar-
gins of chronic venous ulcers in patients attending the
University of Manchester Department of Surgery, Univer-
sity Hospital of South Manchester, Withington, UK, with
informed consent, as part of a trial of biosynthetic growth-
hormone (B-hGH, Norditropin0) assisted wQund healing.
Ethical approval for the study was given by the Ethics
Committee of the South Manchester Health Authority. Pa-
tients ranged in age from 56 to 89 years. A rectangle of
tissue approximately 12 mm long and 3 mm wide was
excised to include the surrounding intact skin, the ulcer
edge, and ulcer base. Biopsies were taken at different
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sites (position of initial biopsy randomized between pa-
tients to exclude anteroposterior and mediolateral gradi-
ents) immediately before any treatment, after 2 weeks of
standard multilayer compression bandage therapy, after
a further 2 weeks with growth hormone (11.2 lU/ml, 1.0
lU/ml, 0.17 lU/ml) or placebo treatment in addition to
pressure bandage therapy and at 50% reduction or more
in original area. This paper describes key features of 64
biopsy specimens taken from a total of 24 patients. Each
biopsy was immediately divided longitudinally and one-
half fixed in cold 4% paraformaldehyde in phosphate-
buffered saline (PBS) and the other snap-frozen in OCT
over liquid nitrogen for immunocytochemistry. After 24
hours, fixed tissues were embedded in paraffin wax and
sectioned at 4 ,u. Hematoxylin and eosin (H&E), Martius
Scarlet Blue (MSB), Elastic van Gieson and Perls Prus-
sian blue methods9 were used to stain alternate sections.
A three-layer immunoperoxidase method10 was used in
conjunction with trypsin pretreatment to demonstrate a1-
smooth muscle actin (primary antibody from Sigma Im-
munochemicals, Dorset, UK), factor VIII-related antigen
and macrophages (primary antibodies from Dako Ltd,
High Wycombe, UK). For immunofluorescence, frozen
blocks were sectioned at 7 ,. on a Leitz cryostat, followed
by acetone fixation and storage at - 200C. Cryostat sec-
tions were incubated for 1 hour with previously well-
characterized primary antisera1 1 raised against extracel-
lular matrix molecules (Table 1). After three rinses in PBS,
the sections were incubated with fluorescein isothiocy-
anate-labeled secondary antisera for 1 hour, rinsed three
times in PBS, and mounted in a nonfading medium con-
taining DABCO (1,4-diazobicyclo-[2,2,2]-octane) to pre-
vent fading.12 Control specimens were stained by sub-
stituting the primary antibody for either PBS or primary
antibody preabsorbed by incubation with the appropriate
antigen, followed by the above protocol. Sections were
viewed with a Leitz orthoplan microscope equipped with
ultraviolet epifluorescence and photographed using Ek-
tachrome 160 ASA film, from which black and white prints
and montages were made.

Table 1. Primary Antibodies
Primary Ab Primary Dilution
raised against Ab raised in Source (PBS)

Laminin Rabbit Institut Pasteur 1:100
de Lyon

Fibronectin Rabbit Institut Pasteur 1:100
de Lyon

Type collagen Rabbit Institut Pasteur 1:25
de Lyon

Type IlIl collagen Rabbit Institut Pasteur 1:100
de Lyon

Tenascin Rabbit Dr R. Chiquet- 1:100
Ehrisman, Basel

Results

Initial Biopsy

All the biopsy sites healed within 1 to 3 weeks. On histo-
logical examination, three zones could be identified
within each biopsy: the ulcer base, the ulcer margin, and
the surrounding skin (Figure 1A). As the ulcer decreased
in area, the ulcer margin and the ulcer base at the first
time point became the surrounding tissue and ulcer mar-
gin, respectively, at the next time point. The surrounding
skin appeared normal in most specimens, although there
was an increased fibrosis (changes consistent with lipo-
dermatosclerosis). The ulcer margin was covered by epi-
dermis that abutted above, within, or under the fibrinous
exudate. The underlying dermis contained numerous
small and medium-sized blood vessels surrounded by
thick organized fibrin cuffs (Figure 2A). Many of these
possessed a concentric layered structure containing col-
lagen as well as fibrin, conspicuous in MSB-stained prep-
arations (Figure 2B). A high proportion of the fibrin cuffs
contained migrating polymorphonuclear leukocytes. The
remainder of the dermis consisted of fibrous tissue in
which inflammatory cells were scattered. The ulcer base
was covered with a layer of fibrinous exudate of variable
thickness, which always contained numerous polymor-
phonuclear leukocytes. In a few specimens, bacteria and

A
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Figure 1. Sequential histologic sections including surrounding
skin (S), ulcer edge (UE), and ulcer base (UB) stained with MSB.
Initial biopsy (A), after 2 weeks ofpressure bandage therapy (B),
andfinal biopsy when the ulcer was 50% original area (C). Bar:
lmm.
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Figure 2. Histologicfeatures of initial biopsy. Fibrin cuff (A), collagen (blue) andfibrin (red) staining offibrin cuffs (B), byaline collagen
blue) under afibrinous exudate (red) at the ulcer base (C), focally extravasated red blood cells (D) and deposits ofhaemosiderin (E). (A)
and (D) stained with H d; E, (B) and (C) stained with MSB and (E) stained with Perls Persian blue. Bar A: 500m and Bar B-E: 100 m.

necrotic debris were present on the surface. A layer of
hyaline and apparently acellular collagen approximately
50 ,u in thickness was often observed sandwiched be-
tween the exudate and ulcer base, together with a mild
chronic inflammatory infiltrate (Figure 2C). Sparse gran-

ulation tissue or fibrous tissue, containing cuffed vessels,
was present deep to the hyaline layer. Focally extrava-
sated red blood cells (Figure 2D), small perivascular de-
posits of hemosiderin (Figure 2E), and macrophages
were present in all zones: ulcer base, edge, and sur-
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rounding tissues. Expression of a, smooth muscle actin
was restricted to vessel coats and was absent from der-
mal fibroblasts. Factor VIII-related antigen was ex-
pressed by endothelial cells and was observed within
fibrin cuffs in the ulcer margin and base.

around some blood vessels in the ulcer base, displaying
a cuffed appearance similar to laminin and fibronectin
(Figure 5D).

Tenascin

Extracellular Matrix Distribution

Laminin

At all stages in the surrounding skin, laminin was local-
ized in the epidermal basement membrane and in the
endothelial basement membranes (Figures 3A, 4A). At
the ulcer margin, laminin staining at the epidermal-
dermal junction became punctate and expression was
enhanced in the adjacent extracellular matrix of the pap-
illary dermis. Within the ulcer base, laminin was present in
endothelial basement membranes, some vessels being
extensively surrounded by concentric rings of laminin
(Figure 5B). This pattern mimicked the one that was seen
when the sections were stained for fibrin, which has been
reported by other workers.1315

Fibronectin

Staining for fibronectin showed a diffuse pattern in the
extracellular matrix of the surrounding skin with a punc-
tate staining pattern at the epidermal-dermal junction
(Figure 3B). Staining was enhanced around blood ves-
sels, especially in the papillary dermis. In the ulcer margin
toward the ulcer base, fibronectin staining decreased
markedly, being virtually absent from the fibrinous exu-
date and ulcer tissue apart from a broad cuff of staining
around the blood vessels (Figure 5C). This cuffed pattern
of vessel staining was also seen when the sections were
stained with an antibody against fibrin (Figure 5A).

Tenascin was present in the extracellular matrix of the
surrounding skin and was localized to the epidermal
basement membrane in a linear pattern that stained more
intensely at the ulcer margin. In the ulcer base, tenascin
was weakly expressed apart from as a cuff around blood
vessels (Figure 5E).

After Pressure Bandage (2 Weeks)

Major histologic changes were apparent after 2 weeks of
pressure bandage therapy (Figure 1 B). The epidermis of
the surrounding skin was often much thicker than in nor-
mal skin and highly keratinized. In the ulcer base, the
fibrinous exudate was thinner, and regenerating epider-
mis was apparent proliferating either above or within it.
Sprouting blood vessels and granulation tissue of vari-
able maturity were present in the ulcer base and margin,
and there was a marked increase in the number of poly-
morphonuclear leukocytes infiltrating the tissue. Vessels
cuffed with fibrin, laminin, fibronectin, collagen, and ten-
ascin were less abundant in both the new ulcer edge and
base. Focal red blood cell extravasation persisted, but
there was a striking increase in the amount of hemosid-
erin deposited in the surrounding tissue. Macrophages
were also increased in number. There was no expression
of a1 smooth muscle actin in the ulcer fibroblasts.

With Further Healing

Collagen Types I and

Collagen staining was widespread throughout the extra-
cellular matrix of the surrounding tissue, appearing retic-
ular in the papillary dermis and fibrillar in the deep dermis
(Figure 3C). Within the ulcer base, bundles of collagen Ill

were clearly visible, lying parallel to the surface, produc-
ing a striking divide between fibrinous exudate and gran-

ulation tissue. Collagen staining was less evident in the
ulcer base, but was punctately expressed in the base-
ment membrane zone of the surrounding tissue and en-

hanced at the ulcer edge. Collagen and Ill were present

After 2 weeks of either growth hormone or placebo and at
50% reduction in original area, the histologic patterns of
healing were similar (Figure 1 C). Although biopsies were
judged to have been taken from the margin, all were cov-
ered by regenerating epithelium, which was generally
thinner and less undulating than the surrounding epider-
mis. Remnants of fibrinous exudate were sometimes
present beneath the epidermis. The epidermis often be-
came detached from the underlying dermis, particularly
at sites of re-epithelialization. Cuffed blood vessels were
inconspicuous or absent throughout the biopsy, but re-
duced hemosiderin and focal red blood cell extravasa-
tion were observed in the surrounding skin and ulcer
margin. The granulation tissue showed signs of organi-



Matrix Changes in Healing Leg Ulcers 1089
AJP November 1992, Vol. 141, No. 5

Figure 3. Initial biopsy including surrounding skin (S), ulcer edge (UE), and ulcer base (UB) stainedfor laminin (A), fibronectin (B) and
collagen III (C). Bar: 1 mm.

zation, with fibroblasts underlying the ulcer base gener-
ally becoming orientated parallel to the surface and often
expressing cytoplasmic ao1 smooth muscle actin. A fine
fibrillar matrix of fibronectin and collagen was present,
and frequently a chronic inflammatory infiltrate was ap-
parent.

Extracellular Matrix Expression During
Healing

After re-epithelialization, the pattern of fibronectin and
collagen staining of the former ulcer base was indistin-
guishable from the adjacent surrounding tissue (Figure
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4B, C). Staining was decreased in the reticular dermis
compared to the papillary and deep layers. Laminin
stained punctately in the reformed basement membrane
and the regenerated epidermis often became detached
during histologic processing (Figure 4A). During healing,
neovascularization was pronounced, the sprouting cap-

illaries being surrounded by a thin layer of laminin con-

sistent with the thickness of the basement membrane
(but thicker cuffs were absent).

Discussion

During healing of all the ulcer patients, there was a clear
sequence of events (Figure 6, Table 2), with no visible
differences between biopsies from growth-hormone-
and placebo-treated ulcers and no cellular atypia. Biop-
sies taken at the initial visit were similar in appearance.
Prominent fibrin cuffs, focal red blood cell extravasation,
and hemosiderin were present and inflammation was

variable. So-called fibrin cuffs were found to be highly
organized structures and to contain, in addition to fibrin:
laminin, fibronectin, tenascin, collagens and 111, and of-
ten trapped monocytes, macrophages, and polymorpho-
nuclear leukocytes. These findings suggest that so-

called fibrin cuffs are not formed purely by the accumu-
lation of blood born products extravasated through the
vessel walls, but rather are actively assembled by the
adjacent connective tissue cells.

Major histologic changes were observed after 2
weeks of pressure bandage therapy. Hemosiderin, acute
inflammation, and granulation tissue increased with the
deposition of fibronectin by migrating fibroblasts, and re-

epithelialization commenced. When the ulcer had re-

duced to 50% or less of its original area, complete epi-
thelialization had often occurred histologically (not evi-
dent clinically) along the whole ulcer biopsy: basement
membrane formation, however, was not complete. This
may be due to a relative lack of biosynthesis of epithelial-
and fibroblast-derived molecules, perhaps due to defec-
tive interactions between newly migrated fibroblasts and
epithelial cells at this junction (or an adverse interaction of
the epithelial cells with components of the original ulcer
base). Adair16 showed that epidermal cellular division
and migration were not diminished in the skin surround-
ing venous ulcers and suggested that poor adhesion or

increased cellular loss accounted for the delay in healing.
"Fibrin cuffs" had completely disappeared by this stage,
hemosiderin had decreased, and only a few focal red

blood cells were present. Acute inflammation had virtu-
ally disappeared, whereas chronic inflammation re-
mained moderate.

Disappearance of blood vessel cuffs seemed to be
indicative of ulcer healing. Biopsies that displayed cuffs
in the later stages of treatment tended to be from patients
with a low or negative rate of ulcer healing. Cuffs de-
creased in the ulcer margin as well as the ulcer base,
suggesting total dissolution of cuffed material during
healing.

Blood stasis, capillary damage, edema, and skin hyp-
oxia caused by venous hypertension correlated with calf
pump incompetence, is generally agreed to be the un-
derlying factor in the pathophysiology of ulcer formation.
Although there is great controversy as to how increased
tissue pressure may result in such drastic cellular
changes, two main hypotheses have developed4: The
"fibrin cuff hypothesis" summarized by Browse and Bur-
nand, proposes that as a result of venous hypertension,
large molecules such as fibrinogen leak out through en-

larged pores of damaged and distended dermal blood
vessels. Fibrinogen is quickly polymerized to fibrin and
produces cuffs around individual capillaries. These cuffs
are thought to impair the exchange of gases, growth fac-
tors and nutrients between plasma and dermis, leading
to tissue anoxia and ulceration, although this has not
been conclusively demonstrated.17 Burnand et al found
an increased number of capillary loops in human skin
subjected to venous hypertension. They predicted that
an enlarged capillary bed would be abnormally perme-
able to large molecules such as fibrinogen.18 Fibrin cuffs
were later found surrounding the dermal capillaries in
legs of patients suffering from lipodermatosclerosis13 and
also in skin adjacent to venous ulcers.15 It was also found
that the fibrinolytic activity of the blood and tissues is de-
ficient in patients with lipodermatosclerosis and so any

conversion of fibrinogen to fibrin and reabsorption was

less likely.19 Studies by Lydon et al20 apparently show
that application of a fibrinolytic hydrocolloid dressing re-

duced fibrin cuffs and accelerated wound healing, al-
though Layer et a15 found that Stanozolol (a fibrinolytic
anabolic steroid) had little effect on ulcer healing rates.

An alternative theory whereby venous hypertension
leads to ulceration, known as "the white cell trapping hy-
pothesis," was proposed by Coleridge Smith et al.21 They
suggest that in response to venous stasis, white blood
cells accumulate in capillaries, which in turn leads to in-
creased perivascular resistance. The trapped cells be-
come activated and release toxic metabolites and pro-

teolytic enzymes that result in damage to the capillaries.
The capillaries become more permeable to large mole-

Figure 4. Final biopsy including surrounding skin (S) and ulcer base (UB) stainedfor laminin (A),fibronectin (B) and collagen HI (C). Bar:
1 mm.
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Figure 5. Blood vessels surrounded by cuffs stainedforfibrin (A), laminin (B),fibronectin (C), collagen III (D), and tenascin (E). Bar: 50
jLm.

cules such as fibrinogen, and fibrin cuffs are formed.
Rudofsky's preliminary results6 using prostaglandin E1
(an agent that reduces white blood cell activation) to treat
venous ulceration were promising. Colgan et al also
showed another compound, Oxpentifylline, which af-
fected white cell behavior, had significant effects on ulcer
healing rates.7

Our results suggest another aspect of venous ulcer
pathology. Clearly so-called "fibrin cuffs" around blood
vessels contain several molecules other than fibrin (eg,
laminin, fibronectin, collagen and 111, and tenascin). This
would suggest an active production of extracellular ma-
trix molecules by endothelial, vascular smooth muscle, or
fibroblast cells. These cells might be stimulated to syn-
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Figure 6. Schematic representation summarizing histologic and extracellular matrix changes during the healing ofvenous leg ulcers. Stages
1-4 referred to in Table 2.

thesize such molecules in response to cytokines re-

leased by the accumulated static leukocytes. Thus, the
two apparently divergent hypotheses of venous stasis
ulcer pathophysiology may be part of the same spectrum

of events. Trapped leukocytes (as a result of venous sta-
sis) release a cocktail of cytokines, which elicit chemo-
tactic and biosynthetic responses from the surrounding
dermal cells, resulting in the synthesis of complex vessel
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Table 2. Visit Number Compared with Theoretical Stage of UlcerHealing
Biopsy one Biopsy two Biopsy three Biopsy four

Stage Stage Stage Stage
Pa- Ulcer of Ulcer of Ulcer of Ulcer of Key
tient Visit size healing Key Visit size healing Key Visit size healing Key Visit size healing fea- Healed
no. no. (cm2) (1-4) features no. (cm2) (1-4) features no. (cm2) (1-4) features no. (cm2) (1-4) tures ulcer #

1 -2 3.7 1 F,A, 0 3.1 2 V,F,FC 2 2.1 4 F 4 1.4* 4 F,H +
FC,H

FAFC,
H,R

3 F,C 0
1 F,FC,H 0
2 I,H 0

2 V,C 0

2 F,C 0

2 F,H 2
2 C,A,H 0
2 F,H,R W
1 V,F,C, 0

FC,H
1 2
1 V,A 4
1 FC 2

2 F,V,H 0
1 V,F,C, 0

A,FC
1 V,C,A, 0

FC,H
1 V,A,FC, 1

H
2 F,FC 2

2 F,C,A, 1
R,H

2 H,R 2

1 V,FC,A 0
1 VAC, 4

FC,R
2 C 2

0 3.3

0.6*
1.3
3.9

1 V,F,A,
FC,H,
R

4 F,C
2 V,H
3 H

8.9 2 F,C,FC,
H

6.9 2 F,A,C,
FC

4.3* 3 A,C,H
55 3 F

2.5 3 V,A,C,H

5.6 2 C,FC
1.7* 3 F
8.9 1 VAC,

FC
3.5 3 V,C,H
5.1 2 V,F

10.1

10.8

11.8

18.1

8.2

10.9
13.6*

2 V,A,C,
FC

2 A,HI,
R

2 V,F,A,
FC, I

3 F,V,C

3

3
4

V,C,A,
H,R

C,FC
F,R

2 1.1* 3 F,H,R 4 0.8* 4 F,H,C +

2 1.0* 4 V
2 5.1 3 V,C,A,

H,FC
+l-

+

6 6.9 2 V,C,A,
H,FC

4 4.7 3 V,C,A
+l-

5 4.9 2 C,FC,H +/-
+

2 4.7 3 V,F,C 4 2.5* 3 FC,H +1/-

3

4

3.6*

3.8*

4

3

A,C,H

H,R

+

+4 8.4* 4 F

4

2
6

9.9

7.7
3.8*

3

4
4

V,A,C

F,C
F,H +l-

31.8 2 V,C,A,I
* Biopsy taken when ulcer reduced to 50% or less original area.
W = patient withdrawn (did not conform to inclusion criteria). = infection; F = fibroblastic; V = vascular; A = acute inflammation; C =

chronic inflammation; FC = fibrin cuffs; H = hemosiderin; R = red blood cell extravasation. + = ulcer healed by visit 6; +/- = ulcer 50%
or less than original area by visit 6; - = ulcer more than 50% original area by visit 6. Patients coded 1-16 had initial ulcers of less than 10 cm2
in area and those coded 101-108 had ulcers greater than 10 cm2 in area. Stage of healing, see Figure 6.

cuffs, which themselves inhibit angiogenesis, nutrient,
and oxygen flow so perpetuating the tissue damage.
Why the ulcer develops initially at one common anatomic
site may relate to the sufficiency and extent of local vas-

cular networks, eg, the absence or presence of shunts,
tissue tension, and the presence or absence of deeper
venous return pathways. The initial cytokine-mediated
damage also may be in the form of a reperfusion injury:
leukocytes being slowed, pavemented, and degenerat-
ing as the venous pressure rises when the patient is
standing, but the noxious effects of these cytokines being
manifested when reperfusion occurs, eg, on elevating the
leg when lying down.

It is difficult to understand how fibrinolytic agents

could either penetrate from the bandage at the ulcer sur-

face to the depth of the ulcer where the cuffed vessels
are located or degrade the complex cocktail of extracel-
lular matrix molecules present in such cuffs.

These complex cuffs containing concentric whorls of
molecules like laminin, fibronectin, tenascin, and colla-
gens and 111, might be synthesized in response to in-
creased venous pressure to protect the delicate vessels
and enable them to withstand the higher pressures. Such
cuffs may inhibit capillary sprouting, so limiting angiogen-
esis and neovascularization as well as acting as a barrier
to gasses and nutrients. Although some molecules as

well as red blood cells may leak from the vessels initially,
once a suitable barrier is produced further leakage may

2 -2 5.3

-2 7.8
-2 2.3
-2 5.0

-2 7.9

-2 9.3

-2 8.7
-2 4.9
-2 7.4
-2 1.8

0 5.9
1 8.1
0 7.3

-2 2.6
-2 5.5

-2 11.0

-2 12.6

3
4
5

6

7

8
9
10
11

12
13
14

15
16

101

102

103

104

105

106
107

108

0

-1

-1

-2
0

0

13.3

20.5

12.5

20.2
28.7

30.9

1
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be reduced. As venous return is improved due to pres-
sure bandaging, and venous hypertension reduced, leu-
kocyte trapping may be reduced, the local levels of cy-
tokines fall, the reperfusion injury cease, and so the ves-
sel cuffs would no longer be synthesized, rather
degraded, possibly yielding polypeptide products with
angiogenic activity. Lydon et a120 also suggested that
lysis of fibrin cuffs during healing could provide direct or
indirect stimuli for generation and directional migration of
new blood vessels, leukocyte invasion, fibroblast migra-
tion, angiogenesis, and re-epithelialization. Even simple
degradation of the cuffs may "release" endothelial cells
and pericytes from an adhesive environment and so fa-
cilitate sprouting and angiogenesis, as well as improving
tissue nutrition and oxygenation.

The observation that disappearing vascular cuffs cor-
relate with the moving ulcer margin and are predictive of
the stage of healing, may be used as a prognostic feature
in trials to monitor venous ulceration therapies.
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